Purpose The aim of our study was to describe the clinical presentation of an unusual evanescent, exudative, choroidal pseudo-tumor with acute painful onset, and propose a pathogenesis. Methods We carried out a retrospective, observational study using the case series of three patients presenting with an evanescent, exudative, choroidal pseudo-tumor with acute painful onset. Ultra-widefield fluorescein and indocyanine green angiography (ICGA) using the Heidelberg Retina Angiograph and the Staurenghi 230 SLO Retina Lens were used to propose a pathogenesis of this unusual entity.
Introduction
Choroidal mass lesions most often correspond to a choroidal neoplasm, but occasionally they represent acellular, exudative and/or hemorrhagic choroidal lesions, also called "choroidal pseudo-tumors" [1, 2] . The most common form of these exudative choroidal pseudo-tumors is known as peripheral, exudative, hemorrhagic chorioretinopathy, [1] [2] [3] [4] [5] [6] characterized by painless pigment epithelium detachments with hemorrhages and/or lipid exudates in the peripheral fundus of aged patients. Recently, we reported polypoidal, choroidal vascular abnormalities in association with these lesions [4] .
However, we have seen a few patients with transient choroidal pseudo-tumors whose clinical presentation did not match that of a peripheral, exudative, hemorrhagic chorioretinopathy: these patients were younger, presented with acute ocular pain, and their choroidal mass lesion was not associated with lipid exudates, all the while regressing rapidly into a subtle scar.
A wide-field contact lens system for the scanning laser ophthalmoscope (SLO), which was developed by Staurenghi et al., provides a five-fold increase of the photographic angle up to 150°, thereby allowing an easier visualization of the peripheral fundus and dynamic imaging of the early angiographic phase [7] . Since October 2007, new patients with a fundus tumor referred to the oncology unit were systematically examined with this technique. On the basis of the dynamic ultra-widefield angiographic images with fluorescein and indocyanine green, we propose a pathogenesis for this unusual, painful, and transient choroidal pseudo-tumor.
Methods
This was a retrospective chart study of three consecutive patients with painful, transient choroidal pseudo-tumors referred to the Ocular Oncology Unit of the Jules-Gonin Eye Hospital (Lausanne, CH), since October 2007. Ethics committee approval was obtained. The study adhered to the tenets of the Declaration of Helsinki.
All patients had a complete systemic and ocular history taken and had undergone a complete ophthalmic examination, including best corrected visual acuity (BCVA), slit-lamp examination, intraocular pressure (IOP), and dilated fundus examination. Panoramic fundus color photos were taken with the Panoret ® 1000 M Camera (Medibel/ CMT Technology, Haifa, Israel), using its 100°optic contact lens and transscleral illumination. B-scan ultrasonography was performed by a retinal specialist with the Quantel Medical CineScan (Version S 5.06; Quantel Medical, Clermont-Fernand, France) using both the 10 and 20 MHz probe.
Patients underwent ultra-widefield angiography of both eyes, with dynamic, early-phase imaging in the affected eye, using the Heidelberg Retina Angiograph (HRA 2; Heidelberg Engineering GmbH, Heidelberg, Germany) and the Staurenghi 230 SLO Retina Lens (Ocular Instruments, Inc., Bellevue, Wa, USA) for ultra-widefield fluorescein angiography (FA) and indocyanine green angiography (ICGA) with panoramic images up to 150°. The dynamic sequence was started as soon as the dye reached the eye (about 10 seconds after IV injection), with the HRA2 capturing 8.8 frames/ second during 30 to 40 seconds. The images of the two seconds before its manual start were automatically included in the film. Late images were taken up to 30 minutes after the dye injection. All images were taken with the high-speed mode (image resolution 768 x 768 pixels).
Results

Case reports
Patient 1
In November 2008, a 65-year-old white male with a general history of treated arterial hypertension, hypercholesteremia, and depression presented with acute, severe pain in his left eye (LE). His BCVAwas 0.8. He had an elevated IOP of 50 mmHg and was treated with miotic drops (LE) and a Mannitol IV infusion, resulting in normalization of his IOP. Fundus examination revealed a choroidal mass in the temporal inferior quadrant of the same eye. B-scan ultrasonography measured a thickness of 2.4 mm (Fig. 1a) . The patient was referred to our ocular oncology unit.
Two weeks later, on examination in our ocular oncology unit, BCVA was 1.0 in both eyes, with an IOP of 17 mmHg (RE) and 13 mmHg (LE). The anterior segments were normal, with an open iridocorneal angle and a clearly visible scleral spur on gonioscopy. An iridocorneal angle of 51°(LE) was measured with the anterior segment OCT (Visante AS OCT, Carl Zeiss Meditec, IUC, Dublin, CA, USA). A dilated fundus examination and B-scan ultrasonography only revealed a flat hemorrhagic lesion inferior to the temporal inferior vascular arcade (Fig. 1b,c) . Ultra-widefield FA showed a normal retinal perfusion. However, on ICGA the choroidal arteries of the temporal inferior quadrant started to fill 1 s after the choroidal arteries in the other quadrants (Fig. 1d) . The venous filling on ICGA was also comparatively reduced, with a poor filling of the temporal inferior vortex vein. The presumed diagnosis was that of a transient, hemorrhagic choroidal pseudo-tumor of choroidal vascular origin.
Patient 2
In January 2009, a 30-year-old white male in good general health suffered from right orbital pain, for which he consulted ten days later. His ophthalmologist found a BCVA of 0.9, and an ipsilateral, temporally restricted visual field, corresponding to a large, nasal, parapapillary and yellowish choroidal mass ( Fig. 2a) , with a thickness of 2.9 mm on B-scan ultrasonography (Fig. 2b) . Intraocular pressure was 18 mmHg, and a systemic work-up (hematology, blood pressure, brain CT-scan and MRI, and carotid Doppler ultrasonography) was normal. The patient was referred with the diagnosis of a 'choroidal mass of unknown origin'.
Five weeks later, upon examination in our ocular oncology unit, BCVA was 1.0 in both eyes. The anterior segments were normal, and the right fundus showed only a pale, parapapillary, residual choroidal lesion, of 1.5 mm in thickness on B-scan ultrasonography (Fig. 2c,d ). Ultra-widefield FA showed a normal retinal perfusion, as well as some speckled RPE hyper-/hypofluorescence in the nasal area (images not shown). Dynamic, ultra-widefield ICGA revealed a clearly delayed arterial choroidal filling of the nasal superior quadrant, as well as a mild delay in the nasal inferior quadrant (Fig. 2e) . The venous filling remained reduced in the nasal superior quadrant during the whole angiographic sequence, and was associated with a slim vortex vein (Fig. 2f) . A choroidal vascular origin was suspected as the cause of a regressive, exudative choroidal pseudo-tumor.
Two months later, the mildly yellowish lesion had completely flattened (Fig. 2g) . On ICGA this time, the nasal-arterial choroidal filling delay was less pronounced (0.7 seconds), and the venous filling was poorer in the nasal than in the temporal quadrants (Fig. 2h, i) .
Patient 3
In September 2011, a 64-year-old white male with a history of moderate, pre-capillary pulmonary hypertension and ischemic heart disease suffered from acute, severe left-orbital pain. Upon examination, his BCVA was 1.0, and his ophthalmologist discovered a choroidal mass in the temporal inferior quadrant (LE), which he documented with FA, ICGA, and B-scan ultrasonography (thickness 4.1 mm) (Fig. 3a, b, c) . IOP was 21 mmHg. The patient was referred with suspicion of choroidal melanoma.
Two weeks later, the patient presented in our ocular oncology unit without pain. Vision was full in both eyes, the anterior segments were normal, and IOP was 21 mmHg in both eyes. The peripheral, temporal inferior, whitish mass lesion (LE) had significantly reduced in thickness (2.1 mm on ultrasonography, Fig. 3d, e) . The retinal perfusion was normal on ultra-widefield FA. On ultra-widefield ICGA, the choroidal arterial filling appeared simultaneously in all quadrants. However, in the venous phase, the temporal inferior vortex vein was poorly-demarcated, filling poorly (Fig. 3f) . Consequently, a diagnosis of a pseudo-tumor in partial, spontaneous regression and of choroidal vascular origin was presumed.
On a follow-up visit 3 months later, the mass had completely disappeared (Fig. 3g) and BCVA was unchanged at 1.0. Dynamic ultra-widefield FA and ICGA were normal, including a good visibility of two distinct, temporal inferior vortex veins (Fig. 3h) .
Summary of the cases
In summary, these three white, male patients with a mean/ median age of 53/64 years, respectively, shared the following clinical characteristics: they had suffered from acute ocular pain that motivated an ophthalmic visit, during which a choroidal mass was discovered (and in one case, an elevated IOP). Upon referral to our ocular oncology unit 2-5 weeks later, dynamic ultra-widefield ICGA revealed a disturbed choroidal circulation in the corresponding quadrants, though the exudative hemorrhagic mass itself was found to be in partial or even complete regression, leaving only a subtle, flat chorioretinal scar. When we speculated about the origin of these transient, painful choroidal pseudo-tumors, the ICGA findings pointed toward the choroidal circulation: both the quadrant-wise choroidal circulation abnormality and the acute, hemorrhagic exudative choroidal mass may be secondary to an acute, self-resolving vortex vein occlusion.
Discussion
In this report, we describe the clinical and angiographic observations in three patients with an acute painful, evanescent, unilateral choroidal pseudo-tumor, partially hemorrhagic, that rapidly regresses into a subtle chorioretinal scar. Because of the painful onset, patients were rapidly referred to our ocular oncology unit, allowing a detailed examination in the subacute phase (after 2-5 weeks). Nevertheless, compared to the initial examination results in the referral charts, all patients showed a spontaneous regression of the mass lesion at the time we examined them. Because of this rapidly transient character Fig. 1 a B-scan ultrasonography of patient 1 at first visit revealed a choroidal mass (Height=2.4 mm) in his left eye. b On referral 2 weeks later, ultrasonography revealed lesion regression, and c fundus color photography showed a flat, slightly hemorrhagic lesion inferior to the temporal inferior vascular arcade. d At this time point, ultra-widefield indocyanine green angiography is shown 23 s after arrival of the dye in the choroidal circulation: temporal inferior quadrant with a poorly-filling, ill-defined vortex vein. The dynamic sequence showed an arterial filling of the same quadrant, which was delayed by 1 s as compared to the other quadrants, with subsequently reduced venous filling of the exudative mass lesion, which was similar to the time course in the multiple evanescent white dot syndrome, we chose the descriptive term "evanescent" as most appropriate to describe this hallmark of the disorder. However, due to this evanescent time course, our dynamic ultra-widefield angiographic results may not fully show the initial characteristics of this pseudo-tumor.
Despite this examination delay, dynamic ultra-widefield ICGA showed some obvious abnormalities of the choroidal circulation, characterized by a delayed arterio-venous choroidal filling and/or poor filling of the vortex vein in the quadrant of the exudative pseudo-tumor, compared to the unaffected areas in the same eye. Though the anatomy of the choroid is highly variable, a delayed arterio-venous filling of one (or Fig. 2 a Fundus color photography of patient 2 at his first ophthalmic examination documented a yellowish choroidal mass supero-nasally to the disc in his right eye. b B-scan ultrasonography measured 2.9 mm thickness. c On referral 5 weeks later, the choroidal lesion had regressed to 1.5 mm thickness on B-scan ultrasonography. d Fundus color photography showed partial regression. e Ultra-widefield indocyanine green angiography 3.0 s after arrival of the dye in the choroidal circulation: severely delayed choroidal arterial filling of the nasal superior quadrant and mild arterial hypoperfusion of the nasal inferior quadrant. The dynamic sequence allowed measuring a 2.0-s filling delay in the nasal superior and a 0.8-s delay in the nasal inferior quadrant. f Ultra-widefield indocyanine green angiography 10 s after arrival of the dye: reduced venous filling in the nasal superior quadrant with a slim vortex vein ampulla. g After 2 months of follow-up, fundus color photography showed a flat, slightly yellowish residual lesion. h Ultra-widefield indocyanine green angiography 2.7 s after arrival of the dye in the choroidal circulation: mild arterial hypoperfusion in the nasal quadrants. The dynamic sequence identified a 0.7 s delay in both nasal quadrants. i Ultrawidefield indocyanine green angiography 34 s after arrival of the dye: less pronounced venous filling in the nasal as compared to the temporal quadrants two) of its quadrants is clearly pathologic. The localization of these circulation abnormalities in the same quadrant as the exudative pseudo-tumor was suggestive to us of their pathogenic role in this disorder.
Checking the literature, we found several experimental studies showing that both an arterial and venous choroidal obstruction can induce exudative changes in the subretinal space, associated with retinal pigment epithelium (RPE) alterations [8] [9] [10] [11] . Additionally, both arterial [9] and venous [10] [11] [12] [13] choroidal occlusions have been reported to provoke a delayed filling of the choroidal circulation, clearly visible on ICGA [14] . The distribution of the affected area depends on the affected vessel. While the zone of irrigation from the posterior ciliary arteries is typically triangular, from the macular area enlarging towards the periphery [9, 10, 15, 16] , the vortex veins each drain their quadrant of the choroid [11] [12] [13] . Thus, the choroidal circulation abnormality found in our patient with a quadrant-wise distribution of delayed arteriovenous filling, ill-defined vortex vein ampullae, and a transient choroidal mass in the same quadrant, is compatible with a vortex vein occlusion, but not with an arterial choroidal obstruction. Such transient shutting of the vortex vein may well be responsible for an exudative, and sometimes hemorrhagic mass lesion of the choroid in the same quadrant, with a dome-shaped, elevated pigment epithelium.
In the clinical literature, we found one study about a vortex vein occlusion following scleral buckling with cryopexy for retinal detachment [17] . They found a choroidal detachment in the early phase (2 weeks) associated with venous congestion, followed by a remodeling of the venous choroidal circulation and disappearance of the vortex vein ampullae after several months to years [17] . Similarly, acute venous pressure rise during the Valsalva maneuver may cause suprachoroidal hemorrhage [18, 19] . Interestingly, suprachoroidal hemorrhage has also been described to occur spontaneously, associated with high myopia and aspirin [18] .
Looking for an explanation for the pain, we found that vortex vein occlusion has been reported to affect the anterior (Fig. 3a) and indocyanine green (Fig. 3b) angiography showed an elevation of the retinal and choroidal vasculature, with a non-specific hyperfluorescence on indocyanine green angiography. c Bscan ultrasonography measured a thickness of 4.1 mm. d On referral 2 weeks later, B-scan ultrasonography revealed partial regression to 2.1-mm thickness. e Color fundus photography showed the temporal inferior choroidal mass. f Ultra-widefield indocyanine green angiography 7.4 s after arrival of the dye in the choroidal circulation, revealing an ill-defined temporal inferior vortex vein with poor filling. g After 3 months of follow-up, fundus color photography of the left eye showed no mass anymore. h On ultra-widefield indocyanine green angiography 31 s after arrival of the dye, the temporal inferior vortex vein had reappeared as two distinct ampullae, with a normalized venous choroidal filling segment as well, provoking exudative changes within the ciliary body and iris [10, 13] , and potentially leading to increased intraocular pressure and pain. Experimentally, the occlusion of at least three vortex veins in monkeys induced an IOP rise, with a shallow anterior chamber and iris hyperemia, resolving completely within two weeks [13] . Though in this animal experiment, the occlusion of only one to two vortex veins was insufficient to produce an IOP rise, it did provoke anterior chamber exudation [13] . We speculate that in our series, the one patient with severe IOP rise in the acute phase experienced transient closure of his iridocorneal angle, related to a widespread, anterior segment venous congestion. The fact that all our patients suffered an acute onset, transient pain could be attributed to the ischemia and/or inflammation associated with a vortex vein occlusion. However, the acute exudative choroidal mass itself may cause stress on the sclera, and therefore cause acute pain, similar to the reports of suprachoroidal hemorrhage causing a tender eye [18, 19] .
The evanescent character with rapid, spontaneous resolution of these choroidal pseudo-tumors also corresponds with the rapid normalization of the choroidal circulation observed in experimental vortex vein occlusion [13] . We mentioned that our angiographic images may not show the full extent of the initial occlusion. The rapid resolution could explain why patient 3 did not show any filling delay, but only a poorly filling and ill-demarcated vortex vein in the corresponding quadrant. Furthermore, such partial resolution may explain the absence of a venous engorgement, which we would normally expect.
Finally, the scars after resolution of these pseudo-tumors were discrete, without the typical speckled pigmentary changes following an arterial choroidal infarction [9] . Experimental vortex vein occlusions have been demonstrated to result in relatively few choroidal changes [8] [9] [10] compared to the triangular pigment alterations after a posterior ciliary artery occlusion [9, 16] . It is interesting to note that a simultaneous vortex vein occlusion has a protective effect in animals with an arterial choroidal infarction, resulting in less severe chorioretinal changes than in those with an isolated arterial occlusion [20, 21] . Anecdotally, this has been used as innovative therapeutic approach for age-related macular degeneration with RPE detachment, based on its putatively ischemic choroidal origin [22, 23] .
The present study is limited by its small number of patients. As it is retrospective, an extensive work-up for systemic, vasoocclusive risk factors is unavailable, though two patients had experienced previous cardiovascular problems. However, it is interesting that two out of three patients had arterial hypertension, which is a common association in choroidal pseudotumors. The suspected cardiovascular risk profile gives further support to the vascular hypothesis of this disorder.
In conclusion, the cases presented in this study, of choroidal pseudo-tumors with acute onset pain, a delayed choroidal circulation, and ill-defined vortex veins in the corresponding quadrant as well as rapid, spontaneous resolution, evoke the hypothesis of a transient vortex vein occlusion. To the best of our knowledge, this is the first report documenting spontaneous transient choroidal pseudo-tumors in association with signs of a vortex vein occlusion. Future patients with this uncommon clinical presentation need to be examined in the acute phase with dynamic ultra-widefield ICGA in order to better characterize this condition. Furthermore, a systemic cardiovascular work-up of patients with a suspected vortex vein occlusion is needed, in order to better define their risk profile.
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